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PROBABILITIES AND EXTREMES OF SOLAR RADIATION BY CLIMATIC WEEK
Rodger R, Getz and Michael M. Nicholas

National Weather Service, ESSC, Auburn, AL and
Auburn University, Auburn, AL,

ABSTRACT. Tables listing the probability, ex-
tremes and other statistics of solar radiation by
climatic week are presented for 26 locations across
the United States. Data used in the study were ob-
tained from a rehabilitated solar radiation and me-

teorological data base called SOLMET.

INTRCDUCTICN

The utilization of the sun as a source of energy for plant and animal
life on earth requires knowledge of the distribution and amount of solar
radiation. Solar radiation information is in demand for the design of
heating and cooling systems for homes, livestock structures, greenhouses
and other buildings. Many evapotranspiration calculations, heat budget
studies and plant growth models aiso require solar radiation data. Solar
energy is being used in drying crops.

Reliable solar radiation data with comparative meteorological data
has not been available in a convenient form for researchers. National
summaries of solar radiation include those by Fritz and McDonald (1949);
Atlasrand Charles (1964) and Bennett (1967). Numqrous regional and
local studies have been done (Baker and Haines, 1969; Baker and Klink,
1975; Rosenberg, 1964; Sakamoto and Dunlap, 1974). Extensive quality
control of the data has been required before the data could be analyzed.

Different adjustment procedures for rehabilitating the data in each study

make comparisons difficult.



This paper reports on an analysis of solar radiation at 26 loca-
tions in the United States utilizing a new combined solar radiation
and meteorological data base named SOLMET. Tables of solar radiation
extremes, means, standard of the mean and probability distribution

are presented. (See pages 10-35.)

SOURCE OF DATA

The National Climatic Center (NCC) is responsible for archiving all
meteorological and solar radiation data. NCC Tape Data Family-l@ has
been used to record all hourly meteorological data with Card Deck 280
used for hourly insoclation data. These two data sources suffered from
a lack of quality control, instrument changes and calibration problems.
Several changes in the internatioqal scale for radiation measurements
(solar constant) required adjustments to all solar data. The need for
a common solar radiation and méteorological data base resulted in the
creation of the SOLMET data format by the NCC.

SOLMET provides quality controlled hourly solar radiation and me-
teorological data for 27 stations previously archived in the Card Deck
280 and Tape Data Family-14 systems. All fﬁture solar and meteorologi-
cal data will be recorded in the SOLMET format.

The important features of SOLMET are:

1. Insolation and meteorological data are combined into

one source,
2. All data are in the International System of Units (SI)..
3. Observations are recorded in true solar and local standard

time,



4. The format allows for the recording of additional solar
radiation parameters as they become available.
5. The data is FORTRAN compatible.
6. Where possible, missing observations are estimated via
models.,
7. Global solar radiation data is serially complete and
corracted for a;l known scale, instrument and calibra-
tion problems,
Further information on SOLMET is available in Volume I of the SOLMET
User's Manual (1977).
Table I lists 26 of the 27 stations vecorded in the SOLMET format.
Stephenville, TX is not included since only two years of data are avail-
able. The 26 SOLMET stations are shown in figure 1. Most‘of the data

covers the period 1 July 1952 through 31 Dec 1375,

METHOD OF COMPUTATION

The SOLMET data was available on a set of 27 magnetic tapes suitable
for compufer processing., Analysis of the data was made on the Auburn
University IBM 370/158. The computer programs used were based on a
similar analysis by Baker and Klink (1975). All data are summarized by
climatic week. Climatic weeks were used to allow comparisons with other
climatoiogical studies (which are typically based on climatic weeks) and
to account for short-term variations of solar radiation. Data at the
béginning and end of the period of record for each station was not in-
cluded if it was not within a complete climatic week, For the purpose

of this study, February 28 and 29 (climatic week 53}, were omitted.



Hourly insolation data from SOLMET tape field 108 were summed into
daily totals. The daily values were also totalized into weekly sums
by climatic week. The analysis of solar radiation for the 26 SOLMET
stations consisted of calculations of the extremes, mean, standard of
the mean and probability distribution. Tables 2 through 27 list the
results of the calculations. All data are presented in Kilojoules per
square meter per day (sfandard units for solar radiation data). The

calculations are detailed below.

Extremes, Mean and Standard of the Mean

The maximum and minimum daily solar radiation values were found for
each climatic week. A nean daily amount of solar radiation was calcu- --
lated by averaging the weekly total radiation for each climatic week
over all years. The standard of the mean (or standard deviation) was

determined in the usual manner.
Probabilities

The probability of receiving at least an indicated amount of inso-
lation was calculated at 10 percent increments from 10 to 90 percent.
The probabilities were determined empirically using a computer tech-

nique after Baker and Klink (1975).

INTERPRETATION AND USE OF THE DATA
The data presented in this study was not quality controlled but was
accepted as recorded in the SOLMET tapes. It should be noted that un-
realistic minimum radiation values appear in the tables for some sta-

tions. Examination of a similar analysis by Baker and Klink (1975)

-4-



using a different data:base showed_ﬁhe'same problem; The source
of this error is not cleér.. No attempt was made to adjust for
these questionable valueSQ Sincé the unusually low values were
normally only one out of several hundred observations, the effects
on the data sﬁoula ﬁot-be greaf. | |

Users of fhe data‘aré élso cautioned that direct interpolation
of values for locations between SOLMET stétion locations should not
be done due to the sparce geogfapﬁicai distribution of the SOLMET
stations,

At the top of each table is thé station name, WBAN station number
and period of record. Column one lists the climatic week, The number
of daily observations used in the calculations for that climatic weegk
are listed in the next éoluﬁn. 'Nekt; are the greatest and Least
amount of daily radiatibn observed over‘aii years of record during
the climatic week. bblumn'fivé.shows tﬁe averagé daily soiar radi-
ation for that climatic weék. ‘The variability of the data from the
mean is listed in column six as the standard of the mean or standard
deviation.

The remainder of the table provideslinformation on the distri-
bution of daily radiation values for each climatic week. Using
table 2 as an example, the probability is 90% that Albuquerque,

MM will receive at least 11,345 KJ/M2 per day of global radiationm
during the first week of March. The median radiation for the first
climatic week at Albuquerque is 19,868 KJ/M2 per day. Half of the
daily radiation values are greater than this figure and half are

~

less than the above amount.



There are a number of specific uses for the data presented in
tables 2 through 27. A primary use'is that of providing a simple
climatology of radiation. Evapotranspiration estimates using solar
radiation data can be made from SOLMET data using formula such as
those given by Baler and Robertson (1965). The SOLMET global ra-
diation values can'be used in a technique described by Barfield
et al. (1973) to estimate the amount of solar radiation received
on a sloping surface for all combinations of slope orientation and
inclination. Anderson (1976) lists a method of determining the

size and efficiency of a solar collector based on expected insola-

tion and other variables.
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STATION e PERIOD OF
NUMBER STATION  NAME ELEVATION* (METERS) RECORD LATITUDE**LONGITUDE* ¥
23050 Albuquerque, NM 1627 7/1/52-12/31/75 | N35 03 |W106 37
12832 Apalachicola, FL 8 7/1/52-12/31/75 | N29 44 (W85 02
24011 Bismark, ND 506 7/1/582-12/31/75 | N46 46 |W100 45
94701 Boston, MA 48A 7/1/52-11/30/68 | N42 22 (W71 03
12919 Brownsville, TX 15 7/1/52-12/31/75 | N25 54 |W97 126
93729 Cape Hatteras, NC 6 7/1/52-12/31/75 | N35 16 |W75 33
14607 Caribou, ME 195 7/1/52-12/31/75 | N46 52 |W68 01
13880 Charleston, SC 21 7/1/52-12/31/75 | N32 54 |W80 02
03945 Columbia, MO 277 7/1/52-12/31/75 ‘N38 49 |W92 13
13985 Dodge City, XS 800 b/1/52—12/31/75 N37 46 |W99 538
23044 El Paso, TX 1205 7/1/52-12/31/75 | N37 48 |W106 24
%3154 Ely, NV 1914 12/1/51-12/31/75( N39 17 |Wll4 51
j3927 Ft. Worth, TX 175 7/1/52-7/31/74 N32 50 (W97 03
93193 Fresno, CA 102 7/1/52-12/31/75 | N36 46 [W119 43
24143 Great Falls, MT 1125 7/1/52-12/31/75 | N47 29 |WL1l 22
03937 Lake Charles, LA 18 7/1/52-12/31/75 | N30 07 [W93 13
14837 Madison, WI 271 7/1/52-12/31/75 | N43 08 [W89 20
24225 Medford, OR 405 12/1/51-12/31/75| N42 22 |W122 52
12839 Miami, FL 12 7/1/52-12/31/75 | N25 48 |W80 16
13897 Nashville, TN 186 7/1/52-12/31/75 | N36 07 |W86 41
94728 New York, NY 57 V/1/52—12/31/75 N40 47 |W73 58
94918 N. Omaha, NE 404 5/1/57-12/31/75 | N4l 22 |W96 01
23183 Phoenix, AZ 347 7/1/52-12/31/75 | N33 26 |W1l2 C1
23273 Santa Maria, CA 82 7/1/52-3/31/69 N34 54 |W120 87
24233 Seattle-Tacoma, WA 137 £2/1/51-12/31/75| N47 27 |W1zZ2 18
93734 Washington, DC 86 /1/53-12/31/75 | N38 59 (W77 28
;most recent height of solar radiation instrument.
**most recent location of solar radiation instrument.
' ~9-
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